offers a unique opportunity to examine environmental risk factors for IBD. 6 Because South Florida is a gateway for Latin American immigrants, researchers in this area are uniquely positioned to study the effect of immigration on development of IBD in Hispanic immigrants and to characterise the IBD phenotype within this population.
Studies examining the Hispanic population with respect to IBD are often limited by heterogeneity among Hispanics. Most USbased studies of Hispanics classify all Hispanics into a single panethnic group. Not surprisingly, these studies often yield differing results. For instance, Mexican Hispanics differ from Argentinian Hispanics, not only because of their distinct genetic ancestry, but also because of cultural influences that can significantly affect health seeking behaviours and disease outcomes. 7 Unlike other areas of the United States, where individuals of Mexican heritage are the most prevalent Hispanic group, the composition of our IBD Hispanic patient cohort in South Florida is primarily Cuban. 8 Another unique aspect of the Cuban immigrant population is that Cuban immigrants have been coming to the United States since the 1950s-earlier than other immigrant Hispanic groups to South Florida-providing an opportunity to examine whether IBD phenotype is changing over time.
Cuban immigrants are also a unique subgroup of Hispanics to study given the relatively unchanged environment within Cuba compared to the rapid "westernization" of other Latin American countries. In an earlier study, composed largely of Cubans, we found that Hispanic immigrants were developing ulcerative colitis more often than Crohn's disease, and at a much older age compared to American-born Hispanics or non-Hispanic Whites. These changes in IBD presentation highlight the sizeable role of the environment in IBD expression among Hispanics. 9 We chose to focus our attention on the Cuban population migrating to the United States because it is a natural experiment that allows us to evaluate the effect of timing, and therefore changing environmental exposures, in a group of individuals originating from the same country. Our study is the first to examine IBD phenotype in relation to immigration-related variables among Hispanics. In this study, we examined 1 whether age of IBD diagnosis, and the time between immigration and diagnosis, is changing in Cuban immigrants arriving in the US; 2 and whether IBD phenotype (ie, type of IBD, location of disease, Crohn's disease behaviour, IBD-related surgeries) differed across time cohorts.
| ME TH ODS

| Study population
Our sample included adult IBD patients seen in our gastroenterology (GI) clinics between 2008 and 2015, who self-identified as Hispanic, and were Cuban-born but developed IBD symptoms after arrival in the United States. Our study was approved by the University of Miami IRB. We also included a cohort of non-immigrant Hispanic IBD controls to account for barriers to access to health care among immigrant Cubans.
To examine the veracity of our results, and to investigate the possibility that any cohort differences might be due to immigration or to "historical" differences (eg, changes in access to care over time or improved IBD detection), we included a comparison cohort of non-immigrant, self-identified Cuban Americans. The Cuban-born and US-born cohorts were derived from the same "universe" of IBD patients followed in our clinic. In addition, to minimise lead-time bias and to make sure that older people would not have a greater chance of having disease because of their age, we examined differences using people in the same age range. To do this, we selected people who were at least 40 years old and who were diagnosed with IBD before the age of 40. This method has been employed in prior studies to minimise lead-time bias. 11 If the cohort difference continued to emerge, that would mean that our findings could not be explained simply in terms of people living longer. 
| Study procedures and data collection
| Exposure variables: immigration cohorts
We created "time in residence" immigrant cohort groups to reflect the different waves of immigration occurring from Cuba to South Florida. Initially, we created four cohort subgroups based on year of arrival: before 1960, 1960-1979, 1980-1994 and 1995 to present.
These time cohorts were selected because they reflect the largest waves of immigrants from Cuba to the United States. However, only two patients had immigrated to the United States before 1960, so we combined them with participants who had immigrated between 1960 and 1979 (heretofore referred to as stated earlier 1980).
| Covariates
We compared demographic variables and immigration-related variables, including current age, gender, education level, Jewish family history, family history of IBD, smoking history (prior to diagnosis, at diagnosis and current), and age at immigration across time cohorts.
We also compared duration of disease between time cohorts ( 
| Outcomes and analyses
Our objectives were to determine whether age at IBD diagnosis, and time from immigration to IBD diagnosis, differs by immigration cohort. We also sought to evaluate whether IBD phenotype (type of IBD, location of luminal disease, Crohn's disease behaviour, IBDrelated surgeries and hospitalisations) differs across different time cohorts of Cuban immigrants.
We used ANOVAs and chi-square tests to compare demographic factors across immigration cohorts ( Table 1 ). We used a univariate Cubans who developed IBD in Cuba were excluded from our analysis. Table 1 provides the demographic characteristics among immigrants who received an IBD diagnosis in the United States. Mean age at immigration was different among all three time cohorts, with age at immigration being oldest in the 1995-to-present arrival group (44.64 years (<1980), 41.12 years (1980-1994) and 60.60 years.
(1995-to-present); F (2, 127)=14.48 P<.001). There were more women in the earliest time-in-residence cohort than in the later cohorts (59% (<1980), 35.7% (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) , 31.8% (1995-to-present); X 2 (2, N=130) P=.020). As a result of statistical differences observed across these variables (age of immigration and gender), we controlled for them in subsequent analyses. Duration of disease was longer in the cohort arriving prior to 1980 compared to later immigration waves and therefore was added as a covariate in the IBD phenotype analyses (M=14.93, SD=11.7 (<1980); M=7.6, SD=13. 6 (1980-1994) ;
M=2.17, SD=8.4 (1995-to-present); F (2, 127)=13.88, P<.001). There were no differences between time-in-residence cohorts with respect to Jewish religion, smoking history (past or present), or education level (Table 1) . Similarly, no differences were observed when examining demographics across time cohorts by ulcerative colitis or Crohn's disease separately (data not shown). This effect emerged while adjusting for age at immigration and gender. Cumulative hazard ratios were generated to evaluate the risk of developing IBD following immigration. The proportional hazards assumption was satisfied ( Figure S1 ). Time-in-residence cohort was used as a predictor of the hazard function. We observed similar findings when examining Crohn's and ulcerative colitis by cohorts (data not shown).
|
In our additional analyses, we examined differences using people in the same age range so that older people would not have a greater chance of having IBD because of their age. Within this subsample, the mean current age and age range in each time-in-residence cohort were similar: in those arriving before 1980, the mean age was Last, to ensure that our results were not explained by differences in access to care across time, we examined whether age of diagnosis was also occurring at a younger age in recent generations of non- 
| IBD phenotype stratified by time-in-residence cohorts
There were no IBD phenotypic differences observed among Cubans across time-in-residence cohorts ( Table 2 ). There was also no cohort difference in prevalence of colectomy in UC (6.6% [<1980], 5.5% [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] , 0% [1995-topresent]); OR=0.8 (95% CI: 0.95-2.32), P=.68) ( Table 2 ).
| DISCUSSION
We are witnessing a global rise in IBD incidence. 2 In this study, we found that Cubans who arrived in the United States after 1980 are at significantly higher risk of developing IBD at younger ages, and within a shorter period of time following immigration, compared to Cubans arriving prior to 1980. This was true for both ulcerative colitis and Crohn's disease and remained true even after adjusting for differences in population demographics, including gender and age at immigration. Our results suggest that, once IBD onset occurs, the phenotype of IBD is similar, including IBD-related surgeries, location of luminal disease, and IBD-related hospitalisations. Phenotypic information was missing on a few patients. Certain patients with Crohn's disease had upper gastroenterology tract disease and ileal or colonic disease and therefore the sum of n for disease location of Crohn's and for Crohn's disease behaviour is greater than the total number of Crohn's patients.
These findings offer unique insights for identifying key environmental factors that may accelerate the process of IBD development not only in Cubans, but in immigrants from various backgrounds moving from low to high IBD incidence areas such as the United States.
Our findings allow us to speculate that present-day Cuban immigrants may have a greater risk of exposure to an undefined environmental risk factor that was perhaps not as prevalent in earlier waves of immigration, particularly prior to the 1980s. Although previous epidemiologic studies have demonstrated increasing IBD incidence in immigrants arriving from low to high incidence areas, particularly immigrants arriving as children and second-generation immigrants (individuals born in the United States to immigrant parents), there are no studies suggesting an evolving United States receiving environment over different time periods and the impact that this changing environment exerts on health among immigrants. 4, 5, 11, 12 We propose several hypotheses as to why Cuban immigrants may be developing IBD faster in the United States than before. First, we may be witnessing more rapid acculturation-especially dietary acculturation-among more recent Cuban immigrants having relatives and/or friends already in the United States who facilitate the process of assimilation into American culture. The question then is, how does this faster/greater dietary assimilation-if this is indeed responsible for the cohort differences in IBD incidence-influence IBD risk in more recent generations of Cuban immigrants? Previous studies suggest that higher levels of acculturation are associated with increased smoking, obesity and lower intake of fruits and vegetables. [13] [14] [15] [16] [17] Although the prevalence of smoking was not different across time-in-residence cohorts, it may be that more recent Cuban immigrants adopt an American diet faster than their predecessors-a postulated risk factor for IBD for those with a susceptible genetic background.
Alternatively, it is possible that the difference in IBD onset observed across generations of immigrant Hispanics may not be related to changes that occurred in the United States, but rather to differences occurring in Cuba. Given the current political environment in Cuba, we do not have access to epidemiologic data from Cuba that would allow us to account for changing environmental and public health patterns, including early childhood factors such as breastfeeding, mode of birth delivery, antibiotic exposure and changing patterns in hygiene-related risk factors (eg, access to clean water, parasitic infections, sharing of bedrooms). In addition, individuals in Cuba now are more likely to be exposed to US products earlier and more often as a result of Cuban immigrants travelling back to Cuba and/or sending American products to their relatives in Cuba. 18 Nevertheless, although these changes may be taking place in Cuba, they are minimal compared to the rapid westernisation witnessed in other developing countries. 19 Therefore, the study of IBD in Cubans offers a unique opportunity to "control" for westernisation given Cuba's geographic isolation as an island and its political climate, which have led to stable diet and lifestyle behaviours for the last 50 years. We hope to test these hypotheses over time in future work.
Strengths of our study include our complete phenotype data on a cohort of IBD subjects originating from the same country, as well as our detailed intake data on immigration and onset of IBD symptoms. In turn, this information allowed us to make comparisons of IBD phenotype occurring in the United States among immigrants arriving at different time intervals-something that has not been done before. Another strength of our study is our use of cautious statistical methods, and accounting for differences in demographics (ie, education level, gender, duration of disease) in our statistical models to reduce the likelihood of committing a Type I error. We also minimised lead-time bias by accounting for calendar age and analysing a subgroup of patients similar in age.
The limitations of our study are inherent to the study of immigrants presenting at a clinic. Our study is subject to immigration bias and selection bias given that we only examined a subset of the Cuban population immigrating to the United States (particularly Miami)-specifically, those who presented at our clinic. However, Cuban immigrants have settled primarily in South Florida across waves of immigration, allowing for more direct comparisons of people staying in one US environment. 20 Another limitation is that our patients were not followed prospectively over time from immigration to development of IBD, so our study is susceptible to recall bias.
However, participants are likely to recall the year when they immigrated-and as a result, our primary outcome (age of diagnosis in relation to immigration) was likely not affected by recall bias. In addition, because we conducted an exploratory study to test a clinical observation, the findings of our study should be interpreted with caution because the study was not designed (and powered) specifically to examine the cohort differences observed here. Last, our study may be subject to differences in access to care or health care seeking behaviours across time-in-residence cohorts. With that said, Cuban immigrants are different than other immigrant groups because they are provided with healthcare insurance upon arrival as a result of federal healthcare programs for Cuban exiles. This law has been in place for decades and applies to all three time cohorts examined. 21 Furthermore, when we conducted parallel analyses with nonimmigrant Hispanics to determine whether our findings could be attributed to overall improvement in IBD detection or access to health care in all patients (immigrants or not) in more recent years, we found no cohort differences among non-immigrant Cuban Americans. This result suggests that our findings are likely not a result of global improvement of access to care among Hispanics or better detection/increased awareness of IBD in recent decades.
In conclusion, for the first time, we have documented a temporal relationship between time-in-residence and the development of IBD among immigrant Hispanics in the United States. We have demonstrated that IBD is occurring within a shorter period of time following immigration in more recent waves of Cuban immigrants. This finding may be a reflection of changing environmental exposures in the United States that increasingly predispose immigrants to develop
IBD. Given the restarting of relations between the United States and
Cuba, the present results suggest that such influence may produce dramatic changes in the Cuban microenvironment and may increase the prevalence of IBD there. Future studies should focus on identifying these changing environmental exposures, which may include dietary factors, pollutants, exposure to antibiotics and the resulting change in the microbiome. We hope that our study will inspire work in this direction.
